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Abstract. The associations between the aortic dimensions 
(of the aortic sinus, aortic annulus and aortic arch) and physi-
ological variables have not been established in the Chinese 
population. The present study examined the associations 
among physiological variables to determine the aortic root 
and arch dimensions echocardiographically. The diameters 
of the aortic sinus, annulus and arch were measured in 1,010 
subjects via 2-D echocardiography with a 3.5-MHz transducer 
in a trans-thoracic position. The images of the aortic sinus 
and aortic annulus were obtained from a standard parasternal 
long-axis view. The maximum diameter of the valve orifice 
was measured at the end of systole. The aortic arch dimen-
sion was visualized in the long-axis using a suprasternal notch 
window and the maximum transverse diameter was measured. 
Epidata 3.0, Excel 2007 and SPSS version 17.0 were used to 
collect and analyze the data. A total of 1,010 subjects were 
enrolled. The mean age was 55.0±17.0 years (range of 18 to 
90 years). The body surface area (BSA) was the best predictor 
of all the studied physiological variables and may be used to 
predict aortic sinus, annulus and arch dimensions indepen-
dently (r=0.54, 0.37 and 0.39, respectively). Gender, blood 
pressure, age and BSA are significant predictors of the aortic 
dimensions. Of these, BSA was the best predictor.

Introduction

A number of studies on the association between aortic dimen-
sions (of the aortic sinus, aortic annulus and aortic arch) and 
body physiological variables in Caucasian cohorts have been 
published. However, whether or not the associations are the 

same in Chinese populations is unclear. Furthermore, the 
results of these studies are controversial.

As the outflow track from the left ventricle, the aortic root 
has an important clinical function. Pathophysiological changes 
in the aortic root size may result in aortic regurgitation and 
dissection. Although the aortic size may be accurately deter-
mined by 2-D echocardiography, the physiological variables 
affecting the aortic dimensions which are usable in any 
indexing procedure remain unclear. A number of studies inves-
tigating this association have been published (1-3). However, 
the subjects have been almost entirely Western, rather than 
Chinese, individuals. The applicability of the previous results 
to individuals of Chinese ethnicity remains unclear.

Bella et al reported that heredity may explain a substan-
tial proportion of the variability of aortic root size that is not 
accounted for by age, gender, body size and blood pressure (1). 
Other studies have identified age, body surface area (BSA), 
weight and height to be the main determinative factors (2,3). 
In particular, height has been suggested to be the most impor-
tant determinant of aortic root size compared with BSA or 
weight (4-6). Hypertension has also been frequently reported 
to increase the diameters of large arteries, including the aortic 
arteries (7-9). However, the effect of blood pressure on large 
vessel diameter and its correlation with the aortic root dimen-
sions and BSA require further clarification. This correlation 
is particularly important in older populations since aging is 
known to increase the stiffness of the aortic wall, as well as the 
diameter and tortuosity of the aorta itself.

The results of previous studies remain controversial. 
Furthermore, research investigating the dimensions of the 
aortic root and physiological factors in a large ethnic group 
such as the Chinese population are not available. The present 
study investigated the associations among morphological and 
physiological variables to determine the aortic root and aortic 
arch dimensions echocardiographically in a population-based 
study.

Materials and methods

Sample. A total of 1,010 Chinese patients were recruited 
from the Yancheng First People's Hospital (Jiangsu, China). 
The study was conducted in accordance with the Declaration 
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of Helsinki and with approval from the Ethics Committee 
of Shanghai East Hospital of Tongji University. Written 
informed consent was obtained from all participants. Patients 
with cardiovascular diseases, including calcified aortic valves, 
aortic stenosis and regurgitation, mitral valve dysfunction, 
left ventricular dysfunction and Marfan syndrome, or other 
cardiac-related diseases confirmed by echocardiography, were 
excluded from the study.

Echocardiographic measurements. All subjects underwent 
echocardiography using a high-resolution ultrasound machine 
(Philips Sonos 7500, Hewlett Packard, NY, USA) with a 
3.5-MHz transducer in a trans-thoracic position. The images 
of the aortic sinus and aortic annulus were obtained from a 
standard parasternal long-axis view with the maximum diam-
eter of the valve orifice measured at the end of systole (Fig. 1). 
The aortic arch was visualized in the long-axis view using 
a suprasternal notch window and the maximum transverse 
diameter was measured as shown in Fig. 2. Each image was 
measured three times to ensure accuracy. The data were then 
analyzed using the echocardiograph machine analysis system 
(PHILIP SSD-7500) and the images were obtained from the 
same position. The echocardiographic data were recorded and 
analyzed by a single observer.

Clinical measurements. Systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were recorded at phases I and V 
of the Korotkoff sounds. The height and weight obtained from 
the baseline examination were used to calculate the body mass 
index (BMI) [weight in kg/(height in m)2]. BSA was calculated 
using the Du Bois (10) formula:

BSA = [weight (kg)0.425 x height (cm)0.725 x 71.44] / 10,000

Statistical analysis. Statistical analysis was performed using 
Microsoft Excel 2007 and SPSS version 17.0. Continuous 
variables are expressed as the mean ± SD. Group comparison 
was performed with the independent t-test, whereas Pearson's 
correlation was used to determine the correlations between 
physiological variables and aortic dimensions. Stepwise 
multiple linear regression analysis was performed to compare 
the association between dependent (aortic sinus, aortic arch, 
aortic annulus) and independent variables. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

General data. A total of 1,010 subjects (461 female and 549 
male) aged 55.0±17.0 years (range = 18‑90 years) were enrolled. 
The subjects from the two groups were similar with regard to 
age, SBP and pulse pressure (PP; all P>0.05). Height, weight, 
BSA, DBP and the diameters of the aortic sinus, annulus and 
aortic arch were significantly greater in male subjects than in 
female subjects (P<0.001, Table I).

Correlation analysis. The correlation analysis results 
revealed that the aortic root and arch dimensions were weakly 
correlated with age, gender, height, weight, BSA, BMI, DBP 
and SBP (P<0.05). PP did not correlate with the size of the 
aortic annulus (Table II). Stepwise regression analysis results 

Figure 1. Sites of diameter measurements of the aortic sinus and annulus. 
The images were obtained from a standard parasternal long-axis view with 
the maximum diameter of the valve orifice measured at the end of systole 
with 2-D echocardiography. LA, left atrium; LV, left ventricle; RPA, right 
pulmonary artery.

Figure 2. Site of diameter measurements of the aortic arch. Images were 
obtained from standard and suprasternal notch views by 2-D echocardiography.

Figure 3. Equation and scatter plots of BSA and aortic diameters for males 
and females. BSA, body surface area.
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showed that BSA was the best parameter for independently 
predicting the aortic sinus, annulus and arch dimensions 
with the normative diameters at 14.30xBSA+15.36 (r=0.54), 
7.18xBSA+14.34 (r=0.37) and 8.75xBSA+16.00 (r=0.39), 
respectively (Fig. 3).

In addition to BSA (β coefficient = 2.71), the stepwise 
regression results revealed that BMI and height were inde-
pendently associated with the size of the aortic sinus. Their 
β coefficients were -1.89 and -1.22, respectively (Table III). 
This result indicates that BMI and height have negative corre-
lations with the size of the aortic sinus.

Discussion

The aim of the present study was to assess the dimensions 
of the proximal aorta, including the aortic root, aortic sinus 
and aortic annulus, and of the aortic arch in relation to physi-
ological variables in a population-based sample. The present 
study, which is unique since it involved Chinese subjects, 
identified a linear correlation between BSA and the maximum 
diameters of the aortic root (at the sinus and annulus levels) 
and arch. The correlation coefficients were 0.54, 0.37 and 0.39, 
respectively (P<0.01). This finding is consistent with the study 
by Roman et al (11), who demonstrated that BSA is a valu-
able predictor of aortic root dilatation at the aortic sinus in 
children. The correlation coefficient in their study was 0.93 
(P<0.0005). The data of the present study further suggested 
that BSA has a stronger correlation with the aortic sinus 
dimension compared with the aortic arch and annulus. This 
result is in agreement with previous studies, in which loga-
rithmic correlations between BSA and the aortic dimensions 
at the level of the aortic annulus, sinus, sinotubular junction, 
before the origin of the innominate artery, before and after the 
origin of the left carotid artery, and after the left subclavian 
artery and descending aorta, have all been reported in children 
and young adults (6,12).

In addition to BSA, gender may be crucial in determining 
aortic dimensions. Differences in aortic dimensions between 
males and females have been previously reported  (13,14). 
The aortic dimensions at the aortic sinus and at the level of 
the sinotubular junction in males were greater than those in 
females, with the exception of the group with the smallest BSA 
measurements (0.5-0.75 m2) (12). The study by Vasan et al also 
reported that the aortic root diameter in males was greater 
than in females (8) and an association was observed between 
the aortic sinus dilatation and male gender (15). These findings 

are consistent with those of the present study, which showed a 
significant larger aortic size in males than in females.

The results from the analysis of the present data showed 
that age was also a predictor of aortic sinus size. This finding 
was consistent with the results from the study by Vasan et al 
(8), which revealed that the aortic diameter increased by 
0.8 mm in males and 0.9 mm in females every ten years. This 
generalized aortic dilatation may be associated with debris 
and fragmentation of the vessel wall, resulting in reduced flex-
ibility. However, the effect of age on the aortic dimensions may 
be more complicated than previously thought, particularly in 
older populations since height significantly decreases during 
the aging process. A marked determinant of the aortic dimen-
sions or the true effect of age on the actual aortic dimensions 
in older populations has yet to be clarified as height is closely 
associated with BSA.

Blood pressure is another variable that may affect aortic 
diameter. Although the findings of the present study are 
significant, the data revealed only a weak association between 
blood pressure and the aortic dimensions (aortic root and 
arch). Biaggi et al (14) hypothesized that systemic hyperten-
sion may alter the dimensions of the ascending aorta and 
aortic sinus. Other researchers have suggested that blood pres-
sure has no independent effect on aortic size at the level of 
the annulus, sinus, supra-aortic ridge and proximal ascending 
aorta (11). Palmieri et al (15) reported that DBP was weakly 
but independently correlated with the aortic sinus diameter 
but not the categorical variable, indicating that the aortic 
sinus was dilated. The correlation of blood pressure with 
the sinus diameter may be slightly more marked than that 
identified by the authors since the sinus diameter and DBP 
affect each other (13). Kim et al (16) observed that hyperten-
sion was associated with a significant but small increase in 
the the aortic root size. Although aortic diameters were most 
closely associated with BSA in an age-matched population, the 
diameters increased with increasing levels of blood pressure.

The present study had limitations. For example, smoking 
and diabetes mellitus were not taken into consideration. 
Palmieri  et  al  (15) reported that a history of smoking 
was not associated with aortic sinus dilatation. However, 
Chen et al (17) showed that patients with diabetes had signifi-
cantly smaller aortic root dimensions compared with patients 
without diabetes.

Another limitation of the present study was that physi-
ological parameters such as ejection fraction and ventricular 
mass were not included and thus any associations between 

Table III. Stepwise multiple linear regression (aortic sinus).

Lead-in Variables	 R	 R2	 P-value	 β coefficient

BSA	 0.52	 0.27	 P<0.01	 0.52
BSA, BMI	 0.60	 0.37	 P<0.01	 0.90,-0.49
BSA, BMI, height	 0.75	 0.56	 P<0.01	 2.82,-1.94,-1.26
BSA, BMI, height, age	 0.77	 0.59	 P<0.01	 2.75,-1.90,-1.23,0.16
BSA, BMI, height, age, DBP	 0.78	 0.59	 P<0.01	 2.71,-1.89,-1,22,0.15,0.07

BMI, body mass index; BSA, body surface area; DBP, diastolic blood pressure.
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cardiac function and the aortic root or arch were not evalu-
ated. This association may be important since Palmieri et 
al (15) reported sinus dilatation was associated with higher 
left ventricular mass and lower systolic function, both of which 
may contribute to higher cardiovascular risk in subjects with 
aortic root dilatation.

Other methods may be used to measure the aortic root 
dimensions, including computed tomography and magnetic 
resonance imaging. However, these are limited in practica-
bility due to factors such as radiation exposure and high cost. 
However, ultrasound is readily available and popular due to 
its relatively low cost. As early as 1975, Francis et al (13) 
considered that the associativity of echocardiographic and 
practical data was 0.70 and el Habbal et al (18) reached a 
similar conclusion, suggesting that the 2-D imaging results 
almost completely matched with the data obtained via 
surgical measurement.

Finally, all images in the present study were measured via 
2-D echocardiography, whereas other studies used M-mode 
echocardiography. Although 2-D images produce larger aortic 
sinus measurements than those of M-mode images (P<0.05 in 
all BSA groups), the measurements made by the two methods 
correlated well (r=0.87, P<0.001) (12) which may explain the 
small differences in aortic measurements between the present 
study and previous studies.

The present study investigated the aortic dimensions in 
relation to physiological variables in a population-based study. 
Of all the variables studied, BSA was identified to be the best 
predictor of the aortic dimensions.
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